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Providing millisecond temporal resolution for noninvasive 
mapping of human brain functions, magnetoencephalography 
(MEG) is optimal to monitor brain activity in real time.1 Real-
time feedback allows the adaption of the experiment to the sub-
ject’s reaction creating a whole set of new options and 
increasing time efficiency by shortening acquisition and offline 
analysis. Whereas data analysis to date is mostly done after the 
acquisition process, we introduce an approach to monitor brain 
activity online.
In order to handle the low signal-to-noise ratio (SNR) in 
single trials and at the same time cope with the high compu-
tational effort, the gain matrix is downsized. Since a low 
SNR reduces the number of distinguishable source localiza-
tions, regionwise clusters are calculated,2 defined by 
Destrieux’s brain atlas.3 Each cortical region is represented 
by a cluster dipole, that is, a standard mne-toolbox source 
space with 7498 dipoles is reduced to a sparse source space 
with 176 dipoles.
The reduced number of dipoles and a preserved variance of 
the gain matrix improve the ability to distinguish active regions 
and speeds up the localization calculation at the same time. 
Dynamic statistical parametric mapping (dSPM)4 is used as 
localization algorithm. This algorithm is able to handle Elekta 
Neuromag VectorView 306-channel MEG measurements and 
a sampling frequency of 1000 sps online with a small delay. In 
case the localization is applied directly to the raw data, the 
minimal measurement buffer for an ordinary mobile worksta-
tion of 80 samples results in an 80-ms delay. If a larger delay is 
acceptable, a moving average can be applied to increase the 
localization accuracy. The localization output is visualized in a 
stereoscopic real-time brain display.
First studies using both simulated and human MEG data 
show that the proposed real-time technique is accurate and fast. 
The responses to auditory and somatosensory stimuli can be 
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localized precisely. The stereoscopic display enables the clini-
cian to follow the activation easily.
We conclude that online brain monitoring is a useful addi-
tion to common acquisition methods and allows acquisition of 
more information during the measurement. This can reduce the 
postprocessing effort dramatically.
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